Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB05/000446 
International filing date: 10 February 2005 (10.02.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0403322.1 

Filing date: 14 February 2004 (14.02.2004) 



Date of receipt at the International Bureau: 18 April 2005 (18.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




The. 1p 



Eatent 
Office 



4^ 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registi:ation save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Patents Form 1/77 

Pal' Act 1977 



a Office I 



/ 



POl/7700 0.00~0«)3322.i NONE 



Request for grant of a patent 

(See notes on the back of this form. You can also get an 
explanatory leaflet £tom the Patent 0£&ce to help yon Sll in 
this form) 



THE PATENT OFFICE 
C 



t^FEl 



NEWPORT 



1 . Your reference 



607 



2. Patent application number 

CTbe Patent Office will fiU in this part} 



0403322.1 



3. Full name, address and postcode of the or of 

each applicant (underline all surnames) ELAM-T LIMITED 

103 BOROUGH ROAD 

LONDON 
SEl OAA 



Patents ADP number {if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 

4. Title of the invention 



The Patent OfBce 

Cardiff Road 
Newport 

Soutli Wales 
NPIO 8QQ 



i - 



ELECTROLUMINESCENT MATERLy:.S AND DEVICES 



5. Name of your agent (if you have one) 



"Address for service" in the United Kingdom qqHEN ALAN NICOL 
to wiiich all correspondence should be sent ^ ^^^^ t^t a r^^ 

, ^ ^ 2 GROVE PLACE 

(including the postcode) _ ^ ^ ^ 

TATSFIELD 



Patents ADP number (if you know it) 



Nr. WESTERHAM 

KENT 

TNI 6 2BB 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it} the or 
each application number 



Country- 



Priority application number 
(if you know it) 



Date of filing 

(day / month /year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 

8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer ITes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Number of earlier application 



Date of filing 
(day / month /year) 



YES 



Patents Rum 1/77 



Patents Form 1/77 

9. Enter the ntamber of sheets for any of the 
following items you are filing with this form, 
Do not count copies of the same document 



Continuation sheets of thiis^form- 

Ir 

Description 




Claim(2t> 




Abstract 

.•..».- , 

Drawing(55> 




10. If you are also filing any of the following, 
state how many against each item. 




Jrnonty documents 




Translations of priority documents 


• 


Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 




Request for preliminary examination 
and search (Patents Ponn 9/77) 




Request for substantive examination 

(iratents Form 10/77) 




Any other docimients 
(please specify) 

— 






VWe request the grant of a patent on the basis of this application. 
Signature I>ate 


12. Name and daytime telephone nnmber of 
person to contact in the United Kingdom 


A. N. Cohen 01959 577172 


Warning 



After an application for a patent has been filed, the Comptroller of the Patent Office wUl consider whether pubUcaUon 
or communication of the invention should he prohibited or restricted under SecHon 22 of the Patents Act 1977, You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
UnUed Kingdom, SecHon 23 of the Patents Act 1977 stops you from applying for a patent abroad tvithout first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communicaUon has been given, or any such directton has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505, 

b) Write your answers in capital leUers using black ink or you may type them. 

c) If there is not enotigh space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and tvrite See continuation sheer in the relevant partCsX Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Foctn 1/77 



r 

607 Irium complexes 
l3~Feb-04 - 15; 58 




" 1 - 



Electroluminescent Materials and Devices 



The present invention relates to electroluminescent materials and to 
electroluminescent devices. 

5 

Materials which emit light when an electric current is passed through them are well 
known and used in a wide range of display applications. Liquid crystal devices and 
devices which are based on inorganic semiconductor systems are widely used; 
however these suffer from the disadvantages of high energy consumption, high cost 
10 of manufacture, low quantum efficiency and the inability to make flat panel displays. 

Organic polymers have been proposed as useful in electroluminescent devices, but it 
is not possible to obtain pure colours; they are expensive to make and have a 
relatively low efficiency. 

15 

Another compound which has been proposed is aluminium quinolate, but this 
requires dopants to be used to obtain a range of colours and has a relatively low 
efficiency. 

20 Patent application WO98/58037 describes a range of transition metal and lanthanide 
complexes which can be used in electroluminescent devices which have improved 
properties and give better results. Patent Applications PCT/GB98/01773, 
PCT/GB99/03619, PCT/GB99/04030, PCT/GB99/04024, PCT/GB99/04028, 
PCT/GBOO/00268 describe electroluminescent complexes, structures and devices 

25 using rare earth chelates. 

US Patent 5128587 discloses an electroluminescent device which consists' of an 
organometallic complex of rare earth elements of the lanthanide series sandwiched 
between a transparent electrode of high work function and a second electrode of low 



2 



work fonction with a hole conducting layer interposed between the 
electroluminescent layer and the transparent high work function electrode and an 
electron conducting layer interposed between the electroluminescent layer and the 
electron injecting low work function anode. The hole conducting layer and the 
5 electron conducting layer are required to improve the working and the efficiency of 
the device. The hole transporting layer serves to transport holes and to block the 
electrons, thus preventing electrons from moving into the electrode without 
recombining with holes. The recombination of carriers therefore mamly takes place in 
the emitter layer. 

10 

US Patent Application 2003/0194580 discloses electroluminescent iridium 
complexes. 

We have now discovered different electroluminescent iridium organic complexes 

15 

According to the invention there is provided electroluminescent compounds of 
formula 




20 
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15 




(HI) 

where Ri R2 R3 , R4, R5 and Rg can be the same or different and are selected from 
hydrogen, and substituted and unsubstituted hydrocarbyl groups such as substituted 
and unsubstituted aliphatic groups, substituted and unsubstituted aromatic, 
heterocycUc and polycycUc ring structures, fiuorocarbons such as trifluoryl methyl 
groups, halogens such as fluorine or thiophenyl groups; Ri. R2 and R3 can also form 
substituted and unsubstituted fused aromatic, heterocyclic and polycyclic ring 
structures and can be copolymerisable with a monomer, e.g. styrene, and where R4. 
and Rs can be the same or different and are selected from hydrogen, and substituted 
and unsubstituted hydrocarbyl groups such as substituted and unsubstituted aliphatic 
groups, substituted and unsubstituted aromatic, heterocyclic and polycyclic ring 
structures, fiuorocarbons such as trifluoryl methyl groups, halogens such as fluorine 
or thiophenyl groups; Ri. R2 and R3 can also form substituted and unsubstituted fused 
aromatic, heterocyclic and polycyclic ring structures and can be copolymerisable with 
a monomer, e.g. styrene. M is ruthenium, rhodium, palladium, osmium, iridium or 
platinum and n+2 is the valency of M; preferably M is iridium and n is 2. 



20 



Examples of Ri and/or R2 and/or R3 and/or R4 and/or R5 and/or Re include aliphatic, 
aromatic and heterocyclic alkoxy, aryloxy and carboxy groups, substituted and 
substituted phenyl, fluorophenyl, biphenyl, phenanthrene, anthracene, naphthyl and 
fluorene groups alkyl groups such as t-butyl, heterocyclic groups such as carbazole. 



Preferred compounds (J) are those in which R5 and Re form a 




preferably R2 is a phenyl or substituted phenyl group. 

The invention also provides an electroluminescent device which comprises (i) a first 
electrode (ii) a layer of an electroluminescent material of formula (I) or (11) above and 
(iii) a second electrode. 

The first electrode can function as the anode and the second electrode can function as 
the cathode and preferably there is a layer of a hole transporting material between the 
anode and the layer of the electroluminescent compound. 



The hole transporting material can be any of the hole transporting materials used in 
electroluminescent devices. 
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The hole transporting material can be an amine complex such as poly 
(vinylcarbazole), N, N'-diphenyl-N, N'-bis (3-methylphenyl) -1,1' -biphenyl -4,4'- 
diamine (TPD), an unsubstituted or substituted polymer of an amino substituted 
aromatic compound, a polyaniline, substituted polyanilines, polythiophenes, 
substituted polythiophenes, polysilanes etc. Examples of polyanilmes are polymers 
of 

R' R 

(VI) 

where R is in the ortho - or meta-position and is hydrogen, Cl-18 alkyl, Cl-6 alkoxy, 
1 0 amino, chloro, bromo, hydroxy or the group 



15 



20 



where R is alky or aryl and R' is hydrogen, Cl-6 alkyl or aiyl with at least one other 
monomer of formula I above. 

Or the hole transporting material can be a polyaniline; polyanilines which can be used 
in the present invention have the general formula 



N 




_Jn 



(VII) 

where p is from 1 to 10 and n is from 1 to 20, R is as defmed above and X is an 
anion, preferably selected from CI, Br, SO4, BF4, PFe, H2PO3, H2PO4, 
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axylsulphonate, arenedicarboxylate, polystyrenesulphonate, polyacrylate 
alkysulphonate, vinylsulphonate, vinylbenzene sulphonate, cellulose sulphonate, 
camphor sulphonates, cellixlose sulphate or a perfluorinated polyanion. 

Examples of arylsulphonates are p-toluenesulphonate, benzenesulphonate, 9,10- 
anthraquinone-sulphonate and anthracenesulphonate; an example of an 
arenedicarboxylate is phthalate and an example of arenecarboxylate is benzoate. 



We have found that protonated polymers of the unsubstituted or substituted polymer 
10 of an amino substituted aromatic compound such as a polyaniline are difficult to 
evaporate or caimot be evaporated. However we have surprisingly found that if the 
unsubstituted or substituted polymer of an amino substituted aromatic compound is 
deprotonated, then it can be easily evaporated, i.e. the polymer is evaporable. 

15 Preferably evaporable deprotonated polymers of unsubstituted or substituted polymer 
of an amino substituted aromatic compound are used. The de-protonated 
unsubstituted or substituted polymer of an amino substituted aromatic compound can 
be formed by deprotonating the polymer by treatment with an alkaU such as 
ammonium hydroxide or an alkaU metal hydroxide such as sodium hydroxide or 

2 0 potassium hydroxide. 



The degree of protonation can be controlled by forming a protonated polyaniline and 
de-protonatmg. Methods of preparing polyanilines are described in the article by A. 
G. MacDiarmid and A. F, Epstein, Faraday Discussions, Chem Soc.88 P319 1989. 

The conductivity of the polyaniline is dependent on the degree of protonation with the 
maximum conductivity being when the degree of protonation is between 40 and 60%, 
for example, about 50%. 



Preferably the polymer is substantially fully deprotonated 



A polyaniline can be formed of octamer units, i.e. p is four, e.g. 




The polyanilines can have conductivities of the order of 1 x lO ' Siemen cm'^ or 
higher. 

The aromatic rings can be unsubstituted or substituted, e.g. by a CI to 20 alkyl group 
such as ethyl. 

The polyaniline can be a copolymer of aniline and preferred copolymers are the 
copolymers of aniUne with o-anisidine, m-sulphanilic acid or o-aminophenol, or o- 
toluidine with o-aminophenol, o-ethylaniline, o-phenylene diamine or with amino 
anthracenes. 

Other polymers of an amino substituted aromatic compound which can be used 
include substituted or unsubstituted polyaminonapthalenes, polyaminoanthracenes, 
polyaminophenanthrenes, etc. and polymers of any other condensed polyaromatic 
compound. Polyaminoanthracenes and methods of makmg them are disclosed in US 
Patent 6,153,726. The aromatic rings can be unsubstituted or substituted, e.g. by a 
group R as defined above. 

Other hole transporting materials are conjugated polymer and the conjugated 
polymers which can be used can be any of the conjugated polymers disclosed or 
referred to in US 5807627, PCT/WO90/13148 and PCT/WO92/03490. 

The preferred conjugated polymers are poly (p-phenylenevinylene)-PPV and 
copolymers including PPV. Other preferred polymers are poly(2,5 dialkoxyphenylene 



vinylene) such as poly (2-niethoxy-5-(2-methoxypentyloxy-l,4-phenylene vinylene), 
poly(2-methoxypentylo3cy)- 1 ,4-phenylenevmylene), poly(2-methoxy-5-(2- 
dodecyloxy-l,4-phenylenevinylene) and other poly(2,5 dialkoxyphenylenevinylenes) 
with at least one of the alkoxy groups being a long chain solubihsing alkoxy group, 
poly fluorenes and oligofluorenes, polyphenylenes and oligophenylenes, 
polyanthracenes and oligo anthracenes, ploythiophenes and oligotMophehes. 

In PPV the phenylene ring may optionally carry one or more substituents, e.g. each 
independently selected from alkyl, preferably methyl, alkoxy, preferably methoxy or 
ethoxy. 

Any poly(aryienevinylene) including substituted derivatives thereof can be used and 
the phenylene ring m poly(p-phenylenevinylene) may be replaced by a fused ring 
system such as anthracene or naphthlyene ring and the number of vmylene groups in 
each polyphenylenevinylene moiely can be increased, e.g. up to 7 or higher. 

The conjugated polymers can be made by the methods disclosed in US 5807627, 
PCTAVO90/13148 and PCT/WO92/03490. 

The thickness of the hole transporting layer is preferably 20nm to 200nm. 

The polymers of an amino substituted aromatic compound such as polyanilines 
referred to above can also be used as buffer layers with or in conjunction with other 
hole transporting materials. 

The structural formulae of some other hole transporting materials are shown m 
Figures 4, 5, 6, 7 and 8 of the drawings, where Ri. R2 and R3 can be the same or 
different and are selected from hydrogen, and substituted and unsubstituted 
hydrocarbyl groups such as substituted and unsubstituted aliphatic groups, substituted 
and unsubstituted aromatic, heterocyclic and polycyclic ring structures, fluorocarbons 



such as trifluoryl methyl groups, halogens such as fluorine or thiophenyl groups; Ri, 
R2 and R3 can also form substituted and unsubstituted fused aromatic, heterocyclic 
and polycyclic ring structures and can be copolymerisable with a monomer, e.g. 
styrene. X is Se, S or O, Y can be hydrogen, substituted or unsubstituted hydrocarbyl 
groups, such as substituted and vinsubstituted aromatic, heterocyclic and polycycUc 
ring structures, fluorine, fluorocarbons such as trifluoryl methyl groups, halogens 
such as fluorine or thiophenyl groups or nitrile. 

Examples of Ri and/or R2 and/or R3 include aliphatic, aromatic and heterocycUc 
alkoxy, aryloxy and carboxy groups, substituted and substituted phenyl, fluorophenyl, 
biphenyl, phenanthrene, anthracene, naphthyl and fluorene groups alkyl groups such 
as t-butyl, heterocyclic groups such as carbazole. 

Optionally there is a layer of an electron injecting material between the anode and the 
electroluminescent material layer. The electron injecting material is a material which 
will transport electrons when an electric current is passed through electron injecting 
materials include a metal complex such as a metal quinolate, e.g. an aluminium 
quinolate, lithium quinolate, zirconium quinolate, a cyano anthracene such as 9,10 
dicyano anthracene, cyano substituted aromatic compounds, 
tetracyanoquinidodimethane a polystyrene sulphonate or a compound with the 
structural formulae shown in figures 2 or 3 of the drawings in which the phenyl rings 
can be substituted with substituents R as defined above. 

The first electrode is preferably a transparent substrate such as a conductive glass or 
plastic material which acts as the anode; preferred substrates are conductive glasses 
such as indium tin oxide coated glass, but any glass which is conductive or has a 
conductive layer such as a metal or conductive polymer caii be used. Conductive 
polymers and conductive polymer coated glass or plastics materials can also be used 
as the substrate. 
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The cathode is preferably a low work function metal, e.g. aluminium, calcium, 
lithixrai, silver/magnesiimi alloys, rare earth metal alloys etc; alimiinium is a preferred 
metal. A metal fluoride such as an alkali metal, rare earth metal or their alloys can be 
5 used as the second electrode, for example by having a metal fluoride layer formed on 
a metal. 

The invention is illustrated in the Examples. 
10 Summary of bis(phenylpyridine)(pyrazoIone) iridium complexes: 




"I 

Compound A - D , ^ 

Compound E 



20 
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Tetrakis(2-phenylpyridme-C^ N')(//-chloro) diiridium (Watts et al., J. Am. Chem 
Soc, 1985, 107, 1431.) 




Iridium trichloride hydrate (0.39g, 1.3mmoi) was combined with 2-phenylpyridine 
(0.76g, 4.9mmol), dissolved in a mixture of 2-ethoxyethanol (30mL, dried and 
distilled over MgS04, degassed) and water (lOmL, degassed), and refluxed for 24 
hours. The solution was cooled to room temperature and the yellow/green precipitate 
collected on a glass sinter. The precipitate was washed with ethanol (60mL, 95%), 
acetone (60mL), and then dissolved in dichloromethane (75mL) and filtered. Toluene 
(25mL) and hexane (lOmL) were added to the filtrate and the volume reduced in 
vacuo to about 50mL. Cooling yielded crystals (yellow/green) of the desired product 
(0.43g, 62%). This was used without further purification. 

(A) Bis(2-phenylpyridine-C^, N')(4-/^r^butyIacetyl-3-methyH-phenyl-pyrazol-5- 
onato) iridium 
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Tetrakis(2-pheIlylpyridine-C^ N')(//-chloro) diiridium (2.5g, 2.35mmol), 4-tert- 
butylacetyl-3-methyl-l-phenyl-pyrazol-5-one (2.72g, lOmmol) and sodium carbonate 
(dried at 100°C, 2.5g, 23.6mmol) were refluxed vinder an inert atmosphere (nitrogen) 
in 2-ethoxyethanol (dried and distilled over magnesium sulfate, 200mL) for 16 hours. 
On cooling to room temperature, a yellow solution with a small amount of residue 
was observed. The solvent was reduced to approx. 5-lOmL under reduced pressure 
(10"^ Torr) and elevated temperature (60°C). Water (lOOmL) was slowly added to the 
solution and the resulting yellow/orange precipitate (some darkly coloured impurities 
may also remain) filtered onto a glass frit (porosity 2 or 3). This was washed with 
forther water and then petroleum spirit (40-60°C). The crude product (after drying to 
remove water) was furst purified by filtration through a short silica-gel pad and 
washing with dichloromethane (darkly coloured impvirities remain on the silica-gel). 
Two products are identifiable by TLC. These can be separated on a flash silica-gel 
column using toluene (lOOmL), tiien dichloromethane (200mL) and finally 
dichloromethane:ethyl acetate (4:1, 200mL) as eluents. Yield: 2.0g (55%). The 
product may be further purified by sublunation (220°C, 2x10' Torr). M.p. 271-5°C. 

Tetrakis[2-(4-fluorophenyl)pyridiiie-C^, N'KA^cWoro) diiridium 
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Iridium txichloride hydrate (L64g, S.Smmol) was combined with 2-(4"fluorophenyl) 
pyridine (2.84g, 16.4mmol), dissolved in a mixture of 2-ethoxyethanol (60mL, dried 
and distilled over MgS04, degassed) and water (20mL, degassed), and refluxed for 24 
hours. The solution was cooled to room temperature and the yellow/green precipitate 
collected on a glass sinter. The precipitate was washed with ethanol (60mL, 95%), 
acetone (60mL), and hexane. This was dried and used without further purification. 
Yield (1.6g, 51%) 



10 



(B) Bis[2-(4'-fluorophenyl)pyridine-C^ N'] (4-"tert-butylacetyI-3-methyl-l- 
phenyl-pyrazoI-S-onato) iridium 



0.5 [(4-FC6H4-C6H4N)2lrCI]2 + 





Tetrakis[2-(4'-fluorophenyl)pyridme-C^ N'](//-chloro) diiridium (0.75g, 0.66mmol), 
15 4-^er^butylcetyl-3-methyl-l-pheny^pyrazo^5-one (0.7g, 2,62mmol) and sodium 
carbonate (dried at 100°C, 0.7g, 6.6mmol) were refluxed under an inert atmosphere in 
2-ethoxyethanol (dried and distilled over magnesium sulfate, 40mL) for 16 hours. On 
cooling to room temperature, a yellow solution with a small amount of residue was 
observed. The solution was filtered, washed with a little ethanol and the solvent was 
20 removed under reduced pressure (10"^ Torr) and elevated temperature (60°C). The 
crude product was dissolved in dichloromethane and initially purified by filtration 
through a short siUca-gel pad and washing with dichloromethane (darkly coloured 
impurities remain on the silica-gel). Final purification is performed by flash column 
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chromatography [dichloromethane:petroleum ether 60-80 (2:1 then 4:1)], discarding 
the first fraction and keeping the second, highly-luminescent fraction. M.p. 250°C. 

Tetrakis[2-(2^4'-difluorophenyl)pyridine-C^ N']C"-chloro) diiridium 

5 

F 




Iridium trichloride hydrate (2.81g, 9.42mmol) was combined with 2-(2',4'- 
difluorophenyl) pyridine (5.4g, 28.3mmol), dissolved in a mixture of 2-ethoxyethanol 
10 (70mL, dried and distilled over MgS04, degassed) and water (20mL, degassed), and 
refluxed for 24 hours. The solution was cooled to room temperature and the 
yellow/green precipitate collected on a glass sinter. The precipitate was washed with 
ethanol (60mL, 95%), acetone (60mL), and hexane. This was dried and used without 
further purification. Yield (3.5g, 61%). 

15 



20 
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(C) Bis(2-(2%4'-difluorophenyI)pyridme-C^, N'] (4-fer^butylacetyl-3-methyH. 
phenyl-pyrazol-5-onato) iridium 



o 

0.5 [(2,4-F2C6H3-C6H4N)2lrCl]2 + 

O 



5 

Tetrakis[2-(2%4'-difluorophenyl)pyridine-C^ N'](//-chloro) diiridium (1 .Og, 
0.82inmol), 4-^err-butylcetyl-3-methyl-l-phenyl-pyrazol-5-one (0.571g, 2.1mmol) 
and sodium carbonate (dried at lOO'^C, 0.63g, 5mmol) were refluxed under an inert 
atmosphere in 2-ethoxyethanol (dried and distilled over magnesium sulfate, 40eqL) 

10 for 16 hours. On cooling to room temperature, a yellow solution with a small amoimt 
of residue was observed. The solution was filtered, washed with a little ethanol and 
the solvent was removed tmder reduced pressure (10"^ Torr) and elevated temperature 
(60°C). The crude product was dissolved in dichloromethane and initially purified by 
filtration through a short silica-gel pad and washing with dichloromethane (darkly 

15 coloured impurities remain on the silica-gel). Final purification was performed by 
flash column chromatography [chloroformrhexane (2:1, then 4:1)], discarding the 
first firaction and keeping the second, highly-luminescent firaction. Yield: l.Og (72%). 
M.p. 282°C. 

20 




607 irium complexes 
13-Feb-04 - 15:58 



- 17 - 

(D) Bis[2-(2^4'-difluorophellyl)pyridine-C^ N'] [4-ter/-butylacetyl-3-methyl-l- 
(4-fluorophenyl)-pyrazol-5-onato] iridium 




F 

5 

Tetrakis[2-(2',4'-difluoroplienyl)pyridine-C^, N']C"-chloro) diiridium (l.Og, 
0.82mmol), 4-fer/-butylacetyl-3-methyl-l-(4'-fluorophenyl)-pyrazol-5-one (0.64g, 
2.2minol) and sodium carbonate (dried at 100°C, 0.63g, 5mmol) were refluxed under 
an inert atmosphere in 2-ethoxyethanol (dried and distilled over magnesium sulfate, 

10 60mL) for 16 hours. On cooling to room temperature, a yellow solution with a small 
amount of residue was observed. The solution was filtered, washed with a little 
ethanol and the solvent was removed under reduced pressure (10"' Torr) and elevated 
temperature (60°C). The crude product was dissolved in dichloromethane and 
initially purified by filtration through a short silica-gel pad and washing with 

15 dichloromethane (darkly coloured impurities remain on the silica-gel). Final 
purification was performed by flash column chromatography [chloroform:hexane 
(2:1, then 4:1)], discarding the first fraction and keeping the second, highly- 
luminescent fraction. Yield: 1 .Og (72%). M.p. 277°C. 



20 



607 Irium complexes 
13-Feb-04 - 15:58 



- 18 - 

Tetrakis[2-benzo[bIthiophen-2-yl-pyridine-C^, N'l(//-chloro) diiridium 




2 



2 



5 Iridium trichloride hydrate (0.97g, 3.24nimol) was combined with 2- 
benzo[b]thiophen-2-yl-pyridine (2.05g, 9.7mmol), dissolved in a mixture of 2- 
ethoxyethanol (70mL, dried and distilled over MgS04, degassed) and water (20mL, 
degassed), and refluxed for 24 hours. The solution was cooled to room temperature 
and the yellow/green precipitate collected on a glass sinter. The precipitate was 
10 washed with ethanol (60mL, 95%), acetone (60mL), and hexane. This was dried and 
used without further purification. Yield (1 .5g, 71%) 



15 



20 
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(E) Bis[2-benzo[b]thiophen-2-yl-pyridine-C^ N'l (4-tei'^butylacetyl-3-inethyl-l 
pheny 1-py razol-5-onato) iridium 



r 



0.5-< 




+ 





5 Tetrakis[2-benzo[b]thiophen-2-yl-pyridine-C\ N'](//-chloro) diiridium (l.Og, 
0.77mmol), 4-fert-butylacetyll-3-methyl-l-phenyl-pyrazol-5-one (0.54g, 2mmol) and 
sodium carbonate (dried at 100°C, 0.63g, 5mmol) were refluxed under an inert 
atmosphere in 2-ethoxyethanol (dried and distiUed over magnesium sulfate, 40mL) 
for 16 hours. On cooling to room temperature, an orange/red solution with a small 
10 amount of residue was observed. The solution was filtered, washed with a little 
ethanol and the solvent was removed under reduced pressure (10"^ Torr) and elevated 
temperature (60°C). The crude product was dissolved in dichloromethane and 
initially purified by filtration through a short silica-gel pad and washing with 
dichloromethane (darkly coloured impurities remain on the silica-gel). Final 
15 purification was performed by flash column chromatography [chloroform:hexane 
(1:1, then 2:1)], discarding the first fraction and keepmg the second, highly- 
luminescent fraction. Yield: 0.8g (59%). 
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Summary of bis(phenyipyridine)(pyrazoIyl-pyridine) iridium complexes: 




/ 



\ 




Compound F - H 




N 



\ 




Compound I 







R2 


R3 




PLem peak/ 
nm 


Elemental analysis 
(CHN observed, found) 


F 


Ph 


F 


F 


Not 

observed 
(194 -Tg) 


488, 498 (solid 
state) 

470 (DCM) 


54.54 


2,80 


8.83 


54.05 


2.73 


8.56 


G 


CN-Ph 


F 


F 


374 

(204 - Tg) 


502 (solid state) 
468 (DCM) 


54.34 


2.59 


10.28 


54.02 


2.36 


10.19 


H 


tBu 


F 


F 


266 

(166 -Tg) 


504 (solid state) 
479 (DCM) 


52.84 


3.39 


9.06 


52,58 


3 .44 


8.96 


I 


(OMe)3- 
Ph 


Compound I 


Not 

observed 


597 (DCM) 


55.95 


3.49 


7.59 


54.97 


3.38 


7.32 
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Tetrakis[2-(2,4-difluorophenyl)pyridine-C^ N'l(/^chloro) duridium 




N 



IrCls-xHaO + 2 







10 



Iridium trichloride hydrate (2.8 Ig, 9.4mmol) was combined with 2-(2',4'- 
difluorophetiyl)pyridme (5.4g, 28mmol), dissolved in a mixture of 2-ethoxyethanol 
(70mL, dried and distilled over MgS04, degassed) and water (20mL, degassed), and 
refluxed for 24 hours. The solution was cooled to room temperature and the yellow 
precipitate collected on a glass sinter. The precipitate was washed with ethanol 
(60mL, 95%), acetone (60mL), and hexane. This was dried and used without further 
purification. Yield (3.5g, 61%). 



15 
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\ 

Bis [2-(2 ^4'-difluorophenyl)pyridme-C^ N'] [2-(5"phenyl-2H-pyrazol-3- 
yl)pyridine] iridium 




Potassium ^er^-butoxide (0.24g, 2.1mmol) and 2-(5-pheiiyl-2H-pyrazol-3-yl)pyridine 
(0.47g, 2.1mmol) were added to a 200iiiL Schlenk tube under an inert atmosphere. 2- 
Ethoxyethanol (dried and distilled over magnesium sulfate, 40mL) was added and the 
resultant solution stirred at ambient temperature for 10 minutes. Tetrakis[2-(2',4'- 

10 difluorophenyl)-C^, N'](//-chloro) diiridium (l.Og, 0.82mmol) was added and the 
mixture refluxed under an inert atmosphere for 16 hours. On cooling to room 
temperature, a yellow solution with a small amount of residue was observed. The 
solvent was removed under reduced pressure (10'^ Torr) and elevated temperature 
(60*^C). Piarification was achieved on a flash silica-gel column (chloroform, then 

15 chlorofonn:ethyl acetate 4:1). Yield: 0.9g (69%). 
194 °C. 
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Bis[2-(2^4'-difluorophenyl)pyridine-C^ N'l {2-[5-(4-benzonitrae) -2H-pyrazol- 
3-yllpyridine} iridium 



2 [(2,4-F2C6H3C6H4N)2lrCl]2 



HN. 






10 



15 



Potassium ferf-butoxide (0.24g, 2.1mmol) and 2-[5-(4'-cyanophenyl) -2H-pyrazol-3- 
yljpyridine (0.52g, 2.1mmol) were added to a 200mL Schlenk tube under an inert 
atmosphere. 2-Ethoxyethanol (dried and distilled over magnesium sulfate, 40mL) was 
added and the resultant solution stirred at ambient temperature for 10 minutes. 
Tetrakis[2-(2',4'-difluorophenyl)-C^ N']C"-chloro) diiridium (l.Og, 0.82mmol) was 
added and the mixture refluxed under an inert atmosphere for 16 hours. On cooling to 
room temperature, a yellow solution with a small amount of residue was observed. 
The solvent was removed under reduced pressure (10'' Torr) and elevated 
temperature (60°C). Purification was achieved on a flash silica-gel column 
(chloroform, then chloroform:ethyl acetate 4:1), followed by recrystallisation ftom 
methanol. Yield: l.Og (75%). M.p. 367°C. Tg 208°C. 



20 
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Tetrakis [2-benzo [b] thiophen-2-yl-py ridine-C^, N'] (//-chloro) diiridium 




benzo[b]thiophen-2-yl-pyridme (2.05 g, 9.7mmol), dissolved in a mixture of 2- 
ethoxyethanol (70mL, dried and distilled over MgS04, degassed) and water (20mL, 
degassed), and refluxed for 24 hours. The solution was cooled to room temperature 
and the orange precipitate collected on a glass sinter. The precipitate was washed 
10 with efhanol (60mL, 95%), acetone (60mL), and hexane. This was dried and used 
without further purification. Yield (L5g, 71%) 



15 
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Bis[2-be^lzo[blthiophen-2-y^pyridme-C^ N'] {2.[5-(3%4%5'-trimethoxyphenyl). 
2£r-pyrazol-3-yllpyridine} iridium 



MeQ 



PMe 



MeQ 



10 



r 



0.5< 



I 




DMe 



OMe 




OMe 



Potassium ?er^-butoxide (0.09g, O.Smmol) and 2-[5-(3',4',5'-triinethoxyphenyl)-2/f- 
pyrazol-3-yl]pyridine (0.25g, O.Smmol) were added to a 200mL Schlenk tube under 
an inert atmosphere. 2-Ethoxyethanol (dried and distilled over magnesium sulfate, 
30mL) was added and the resultant solution stirred at ambient temperature for 10 
minutes. Tetrakis[2-benzo[b]thiophen-2-yl-pyridine-C^ N']C"-chloro) diiridium 
(0.5g, 0.385mmol) was added and the mixture refluxed under an inert atmosphere for 
16 hours. On cooling to room temperature, an orange/red solution with a small 
amount of residue was observed. The solvent was removed under reduced pressure 
(10-^ Torr) and elevated temperature (60°C). Purification was achieved on a flash 
silica-gel column (chloroform), followed by recrystalUsation from ethanol. Yield: 
0.6g (84%). 



Electroluminescent Devices 



20 In these devices the following compounds were used: 
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Compound F 



Compound G 




tBu 




Compound H 



Compound J 





Compound K 



Compound L 



Rvam ple 1 

A pre-etched ITO coated glass piece (10 x lOcm^ ) was used. The device was 
fabricated by sequentially forming on the ITO, by vacuum evaporation using a Solciet 
Machine,ULVAC Ltd. Chigacki, Japan the active area of each pixel was 3mm by 
3mm, the layers comprised:- 

(l)ITO (165 nm)/(2)CuPc (25 nm)/a-NPB (40 nm)/TCTA : Compound F (38 : 2.1 
nm)/Liq (30 mn)/LiF (0.5 nm)/Al 
The device structure is shown in fig. 1 

Where CuPc is a copper phthalocyanine buffer layer, a-NPB is as in fig. TCTA is 
4,4' ,4' ' -Tris(carbazole-9-yl)-triphenylamine, Liq is lithium quinolate and LiF is 

hthium fluoride. 

The coated electrodes were stored in a vacuum desiccator over a molecular sieve and 

phosphorous pentoxide until they were loaded mto a vacuum coater (Edwards, 10"^ 

torr) and aluminium top contacts made. The devices were then kept in a vacuum 

desiccator until the electroluminescence studies were performed. 

The ITO electrode was always connected to the positive terminal. The current vs. 

voltage studies were carried out on a computer controlled Keithly 2400 source 

meter. 

The electroluminescent properties were measured and the results shown in fig. 9. 



Example 2 

An electrolummescent device was made as in Example 1 with the structure 
no (165 nmyCuPc (25 nm)/a-NPB (40 mn)/TCTA : Compound F (37 : 3 
nmyCompound G (3 nm)/Zrq4 (30 nm)/LiF (0.5 nm)/Al 
The electroluminescent properties are shown in fig. 10. 
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Example 3 

An electrolxHiiinescent device was made as in Example 1 with the structure 

ITO (165 nmyCuPc (25 nm)/a-NPB (60 nm)/CBP : Compound J (20 : 1.3 nm)/BCP 
(6 nm)/Alq3 (40 nm)/LiF (0.2 nm)/Al 
5 The electroluminescent properties are shown in fig. 11. 

Example 4 

An electroluminescent device was made as in Example 1 with the structure 

ITO (165 nm)/CuPc (25 nm)/a-NPB (40 nm)/CBP : Compound J (20 : 0.6 nm)/BCP 
10 (6 nm)/Liq (40 nm)/LiF (0.5 nm)/Al 

The electroluminescent properties are shown in fig, 12, 

Example 5 

An electroluminescent device was made as in Example 1 with the structure 

15 ITO (165 nm)/a-NPB (40 nm)/CBP : Compound J (20 : 7 nm)/BCP (10 nm)/Zrq4 (50 
nm)/LiF (0.5 nm)/Al 

where BCP is bathocupron 

The electroluminescent properties are shown in fig. 13. 
20 Example 6 

An electroluminescent device was made as in Example 1 with the structure 

ITO (165 nmyCuPc (25 nm)/a-NPB (40 nm)/TCTA : Compound H (40 : 0.8 nm)/Liq 
(30 nm)/LiF (0.5 nm)/Al 

The electroluminescent properties are shown in fig. 14. 

25 
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Example 7 

An electroluminescent device was made as in Example 1 with the structure 

ITO (165 mn)/a-NPB (40 mn)/CBP : Compound J (20 : 8.3 nm)/ 
Compound L (10 nm)/Zrq4 (50 nm)/LiF (0.5 nm)/Al 
5 The electroluminescent properties are shown in fig. 15. 

Example 8 

An electroluminescent device was made as in Example 1 with the structure 

ITO (165 nmyCuPc (25 nm)/a-NPB (40 nm)/CBP : Compound K (35 : 5 nm/Zrq4 
10 (30 nm)/LiF (0.5 mn)/Al 

The electrolxaminescent properties are shown in fig. 16. 

Example 9 

An electroluminescent device was made as in Example 1 with the structure 

15 ITO (165 nmyCuPc (50 nm)/ a-NPB (40 nm)/CBP : Compound J (20 : 6.1 
nmyCompound F (10 nm)/Zrq4 (50 nm)/LiF (0.5 nm)/Al 
The electroluminescent properties are shown in fig. 1 7. 



607 Irium complexes 
13~Feb-04 - 15:58 



- 30 - 



Claims 



1. Electroluminescent compounds of formula 




R, 



R 



6 




or 



(I) 



(H) 



10 




15 



(III) 



where Ri. Ri, R3 , R4, R5 and Re can be the same or different and are selected from 
hydrogen, and substituted and unsubstituted hydrocarbyl groups such as substituted 
and unsubstituted aliphatic groups, substituted and unsubstituted aromatic, 
heterocyclic and polycyclic ring structures, fluorocarbons such as trifluoryl methyl 
groups, halogens such as fluorine or thiophenyl groups; Ri, R2 and R3 can also form 
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substituted and unsubstituted fused aromatic, heterocyclic and polycyclic ring 
structures and can be copolymerisable with a monomer, e.g. styrene, and where R4, 
and R5 can be the same or different and are selected from hydrogen, and substituted 
and unsubstituted hydrocarbyl groups such as substituted and unsubstituted aliphatic 
groups, substituted and unsubstituted aromatic, heterocyclic and polycyclic ring 
structures, fluorocarbons such as trifluoryl methyl groups, halogens such as fluorine 
or thiophenyl groups; Ri, R2 and R3 can also form substituted and imsubstituted fused 
aromatic, heterocyclic and polycyclic ring structures and can be copolymerisable with 
a monomer, M is ruthenium, rhodium, palladium, osmiimi, iridium or platinum and 
n+2 is the valency of M. 

2. An electroluminescent as claimed in claim 1 in which M is iridium and n is 2. 

3. Ail electroluminescent as claimed in claim 1 or 2 in which Ri and/or R2 and/or R3 
and/or R4 and/or R5 and/or R^ include aliphatic, aromatic and heterocyclic alkoxy, 
aryloxy and carboxy groups, substituted and substituted phenyl, fluorophenyl, 
biphenyl, phenanthrene, anthracene, naphthyl and fluorene groups alkyl groups such 
as t-butyl, heterocyclic groups such as carbazole. 

4. An electroluminescent as claimed in claim 1, 2 or 3 in which the compounds (I) 
are those in which R5 and Re form a 




R2 

^ group 
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5. An electroluminescent as claimed in claim 4 which has the fomiula 

I — Ri — I 




5 6. An electrolximinescent as claimed in claim 5 in which R2 is a phenyl or substituted 
phenyl group. 

7. An electroluminescent device which comprises (i) a first electrode (ii) a layer of an 
electroluminescent material of formula as claimed in any one of claims 1 to 6 and (iii) 

10 a second electrode. 

8. An electrolimainescent device as claimed in claim 8 in which there is a layer of a 
hole transmitting material between the first electrode and the electroluminescent 
layer. 

15 

9. An electroluminescent device as claimed in claim 9 in which the hole transmitting 
material is an aromatic amine complex. 

10. An electroluminescent device as claimed in claim 9 in which the hole 
2 0 transmitting material is a polyaromatic amine complex. 



1 1 . An electroluminescent device as claimed in claim 9 in which the hole transmittmg 
material is a film of a polymer selected &om poly(vinylcarbazole), N,N'-diphenyl- 
N,N'-bis (3-methylphenyl) -1,1' -biphenyl -4,4' -diamine (TPD), polyaniline, 
substituted polyanilines, polythiophenes, substituted polythiophenes, polysilanes and 
substituted polysilanes. 



12. An electroluminescent device as claimed in claim 9 in which the hole transmitting 
material is a film of a compound of formula (VH) or (VH) herein or as in figures 4 to 
8 of the drawings. 

13. An electroluminescent device as claimed in claim 9 in which the hole transmitting 
material is a copolymer of aniline, a copolymer of aniline with o-anisidine, m- 
sulphanilic acid or o-aminophenol, or o-toluidine with o-aminophenol, o-ethylanilme, 
o-phenylene diamine or with an ammo anthracene. 

14. An electroluminescent device as claimed in claim 9 in which the hole transmitting 
material is a conjugated polymer. 

15. An electroluminescent device as claimed in claim 14 in which the conjugated 
polymer is selected from poly (p.phenylenevinylene)-PPV and copolymers including 
PPV, poly(2,5 dialkoxyphenylene vinylene), poly (2-methoxy-5-(2- 
methoxypentyloxy- 1 ,4-phenylene vinylene), poly(2-methoxypentyloxy)- 1 ,4- 
phenylenevinylene), poly(2-methoxy-5-(2-dodecyloxy- 1 ,4-phenylenevinylene) and 
other poly(2,5 dialkoxyphenylenevinylenes) with at least one of the alkoxy groups 
being a long chain solubilising alkoxy group, poly fluorenes and oligofluorenes, 
polyphenylenes and oligophenylenes, polyanthracenes and oligo anthracenes, 
ploythiophenes and oligothiophenes. 
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1 6. An electroluminescent device as claimed in any one of claims 8 to 1 5 in which the 
electroluminescent compound is mixed with the hole transmitting material. 



17. An electrolxmiinescent device as claimed in any one of claims 7 to 16 in which 
5 there is a layer of an electron transmitting material between the cathode and the 
electroluminescent compoimd layer. 



18. An electroluminescent device as claimed in claim 17 in which the electron 
transmitting material is a metal quinolate. 

10 

19. An electroluminescent device as claimed in claim 18 in which the metal 

» 

quinolate is an aluminium quinolate, zirconium quinolate or lithium quinolate 

20. An electroluminescent device as claimed in claim 17 in which the electron 
15 transmitting material is of formula Mx(DBM)n where Mx is a metal and DBM is 

dibenzoyl methane and n is the valency of Mx. 

21. An electroluminescent device as claimed in claim 17 in which the electron 
transmitting material is a cyano anthracene such as 9,10 dicyano anthracene, a 

2 0 polystyrene sulphonate or a compound of formulae shown in figure 2 or 3 of the 
drawings. 

22. An electroluminescent device as claimed in any one of claims 17 to 21 in which 
the electron transmitting material is mixed with the electroluminescent compound, 

25 

23. An electroluminescent device as claimed in any one of claims 7 to 22 in which the 
first electrode is a transparent electricity conducting glass electrode. 

24. An electroluminescent device as claimed in any one of claims 7 to 23 in which 



Abstract 

Novel iridivim complexes are electroltmiinescent. 



1/26 



























1 



Fig. 1 



2/26 





/ o 




~Be 

/ 

-O 



Alq 



Bebq 





BAIq1 



ZnPBO 





DTVb1 



ZnPBT 



Fig. 2 



3/26 




t-Bu 

OXD- Star 



Fig. 3 
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Fig. 4 
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Fig. 6 
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ITO (165 mn)/CuPc (25 nm)/a-NPB (40 nm)/TCTA : Compound A (38 : 2.1 mn)/Liq 
nmVLiF (0.5 nm)/Al 
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ITO (165 mn)/CxiPc (25 mn)/a-NPB (40 nm)/TCTA : Compound A (38 : 2.1 nm)/Liq 
nm)/LiF (0.5 mn)/Al 
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rrO (165 nmyCuPc (25 nm)/a-NPB (40 mn)/TCTA : Compound F (37 : 3 nni)/Compotmd 
B (3 iun)/Zrq4 (30 nm)/LiF (0.5 nm)/Al 
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ITO (165 nmyCxiPc (25 mn)/a-NPB (40 mn)/TCTA : Compouad F (37 : 3 
nm)/Compound B (3 nm)/Zrq4 (30 imi)/LiF (0.5 nm)/Al 
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rrO (165 nmyCuPc (25 nm)/a-NPB (60 mn)/CBP : Compound D (20 : 1.3 mn)/BCP (6 
nmyAlqs (40 mn)/LiF (0.2 
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ITO (165 nm)/CuPc (25 mn)/a-NPB (60 nm)/CBP : Compound J (20 : 1.3 nm)/BCP (6 
nm)/Alq3 (40 nm)/LiF (0.2 mn)/Al 
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ITO (165 nmyCuPc (25 mn)/a-NPB (40 nm)/CBP : Compound D (20 : 0.6 mn)/BCP (6 
mn)/Liq (40 mn)/LiF (0.5 niii)/Al 
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ITO (165 nmyCuPc (25 nm)/a-NPB (40 nm)/CBP : Compound D (20 : 0.6 nm)/BCP (6 
mn)/Liq (40 nm)/LiF (0.5 nm)/Al 




Fig. 12c 
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ITO (165 nm)/a-NPB (40 nm)/CBP : Compound D (20 : 7 mn)/BCP (10 nm)/Zrq4 (50 
mn)/LiF (0.5 nni)/AI 
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ITO (165 iitn)/a-NPB (40 nm)/CBP : Compound D (20 : 7 nm)/BCP (10 nm)/Zrq4 (50 
nmyLiF (0.5 nm)/Al 
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ITO (165 nm)/CuPc (25 nin)/a-NPB (40 nm)/TCTA : Compound C (40 : 0.8 nm)/Liq (30 
imi)/LiF (0.5 nni)/Al 
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rrO (165 nmyCuPc (25 mn)/a-NPB (40 nm)/TCTA : Compound C (40 : 0.8 nm)/Liq (30 
nm)/LiF (0.5 mn)/Al 
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ITO (165 mn)/a-NPB (40 mn)/CBP : Compound D (20 : 8.3 nm)/ 
Compovind F (10 mn)/Zrq4 (50 nm)/LiF (0.5 nm)/Al 
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ITO (165 mn)/a-NPB (40 nm)/CBP : Compoimd D (20 : 8.3 nm)/ 
Compound F (10 mn)/Zrq4 (50 nm)/LiF (0.5 nm)/Al 
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ITO (165 nmyCuPc (25 nm)/a-NPB (40 nm)/CBP : Compound E (35 : 5 nm/Zrq4 (30 
nm)/LiF (0.5 xmi)/Al 
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ITO (165 mn)/CuPc (25 nm)/ a-NPB (40 mn)/CBP : Compound E (35 : 5 nm/Zrq4 (30 
nm)/LiF (0.5 nm)/Al 
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ITO (165 mn)/CuPc (50 ma)/ a-NPB (40 mn)/CBP : Compound D (20 
mn)/Compound F (10 mn)/Zrq4 (50 imi)/LiF (0.5 nm)/Al 
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